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(54) MICRO OBJECT MANIPULATION EQUIPMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a micro object manipulation equipment 
which is capable of performing an operation of catching and moving a micro 
object conveniently and quickly by utilizing an optical pincette and, moreover, is 
made to have a simple constitution. 

SOLUTION: A laser beam emitted from a laser beam source 1 of the micro 
object manipulation equipment is applied to a hologram substrate 3 via an 
illumination optical system 2. The hologram substrate 3 has a prescribed 
pattern shape and transmits and scatters the irradiated laser beam with the 
prescribed pattern. The light transmitted by the hologram substrate 3 is imaged 
in sample liquid 7 retained on the transparent substrate 6 via a projection 
optical system 4 and, thereby, holograms of various patterns in accordance with 
the pattern shapes of the hologram substrate 3 are formed in the sample liquid 
7. The holograms thus formed are utilized as the optical pincettes. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

It is a minute body processor for processing a minute body using a photo pincette, 
It has the light source, the 1st base which forms a hologram from the light by which incidence was 
carried out from this light source, and the 2nd base holding the liquid containing said minute body, 
The minute body processor using the hologram to which image formation of the hologram formed with 
said 1st base was carried out, and it carried out image formation in said liquid held on said 2nd base as 
said photo pincette. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the minute body processor using the means which united the microoptics 
component, the micro machine, or them which operate a minute body in technical fields, such as 
biotechnology. 
[0002] 

[Background of the Invention] 

With development of biotechnology, the demand to the approach and equipment which operate a minute 

body like a cell sample efficiently simple is increasing. 

[0003] 

Conventionally, the approach of performing carefully using an actuation instrument is taken, observing 
actuation of a cell sample under a microscope. In this case, what has good convenience is made himself 
and used for operating it as an actuation instrument used between the sample which approached very 
much, and the objective lens of a microscope according to the application, and the capillary tube and 
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pipetof a special configuration are mentioned as such an actuation instrument, for example. Moreover, 
using a photo pincette is also known as a means to catch and move so that the cell sample which is a 
very delicate sample may not be damaged. 
[0004] 

As a technique using such a photo pincette, catching two or more microorganism objects in concurrency 
by time sharing is indicated by the patent reference 1 with the single optical trap means for the purpose 
of catching two or more microorganism objects to coincidence by the optical trap. 
[0005] 

Moreover, making into the light source the surface emission-type laser which emits two or more laser 
light, modulating the luminescence reinforcement of each of that light emitting device in the patent 
reference 2 spatially and in time, and making it catch and move a minute body is indicated. 
[0006] 

[Patent reference 1] 
JP,2000-241310,A 
[Patent reference 2] 
JP,2002-219700,A 
[0007] 

[Problem(s) to be Solved by the Invention] 

As mentioned above, although it is common to perform actuation of a minute body like a cell sample 
conventionally using a micromanipulator under a microscope, very long time amount is needed for this 
actuation being very difficult, and actuation taking skill for this reason, and operating a request. For this 
reason, it was difficult to perform simply and quickly actuation of discovering and catching a minute 
body like the cell sample which floats in a liquid with the conventional technique, moving to a desired 
location in order to process, and processing. 
[0008] 

Moreover, it is common to perform actuation of discovering and capturing a minute cell sample with the 
conventional technique using one minute photo pincette, by the approach using a photo pincette. Such 
actuation under a microscope is very difficult, and this actuation has taken very long time amount to it. 
Moreover, also by the approach indicated by the patent reference 1 and 2, the actuation is difficult and 
needs skill for actuation. 
[0009] 

Thus, with the conventional technique, it is difficult to operate a minute body efficiently, and in 
industrializing in the technical field which needs to operate a minute body, it is one of the serious 
failures of industrialization that productivity will be low suppressed for actuation of a minute body. 
[0010] 

By the approach using a photo pincette, a photo pincette can be formed in the configuration of 
arbitration, or it is possible by enabling it to form and operate two or more photo pincettes to 
coincidence to improve operability. However, for that, complicated optical system and two or more 
complicated light sources are needed, and new problems, such as enlargement of equipment and 
complication, occur. 
[0011] 

this invention is simple in the actuation which uses a photo pincette, catches a minute body and moves 
— and — quick — it can carry out — in addition — and the minute body processor which can be 
considered as a simple configuration is offered. 
[0012] 

[Means for Solving the Problem] 

In order to attain an above-mentioned technical problem, the minute body processor of this invention It 
is a minute body processor for processing a minute body using a photo pincette. The light source. It has 
the 1st base which forms a hologram from the light by which incidence was carried out from the light 
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1 source, and the 2nd base holding the liquid containing a minute body. It is characterized by using the 
hologram to which image formation of the hologram formed with the 1st base was carried out, and it 
carried out image formation in the liquid held on the 2nd base as a photo pincette. 
[0013] 

According to this invention, the photo pincette of a desired pattern can be formed by using a hologram. 
By it, when the conventional photo pincette of the pattern of the shape of a single circle is used, the 
operability of actuation, such as migration of the minute body which was difficult actuation, can be 
raised. It becomes possible to become possible to follow, for example, to move a minute body to a 
desired location simply and quickly, consequently to process a lot of minute bodies efficiently. 
[0014] 

Under the present circumstances, by using the hologram substrate made to generate a hologram, the 
minute body processor of this invention which enables such processing can be constituted without using 
two or more light sources, or using complicated optical system, and can be considered as a simple 
configuration. 
[0015] 

[Embodiment of the Invention] 

Next, the desirable operation gestalt of this invention is explained with reference to a drawing. 
[0016] 

[The 1st operation gestalt] 

The 1st operation gestalt of this invention is explained with reference to drawing 1 and 2. Drawing 1 is 
the mimetic diagram showing the fundamental configuration of the minute body processor of this 
operation gestalt. Drawing 2 is the top view seen from the upper part of drawing 1 , and shows the photo 
pincette pattern of an example. 
[0017] 

This minute body processor has the laser light source 1 for forming a photo pincette 8 into the sample 
solution 7 which is the sample containing the minute body sample 21 carried on the transparence 
substrate (the 2nd base) 6. As the laser light source 1, although the He-Ne-laser light source can be 
used, for example, it is not restricted to this and various light sources can be used. 
[0018] 

Between the laser light source 1 and the transparence substrate 6, the hologram substrate (the 1st 
base) 3 formed in the predetermined pattern configuration scattered about and penetrated so that the 
hologram of a desired pattern may be formed is arranged in the irradiated laser light. Between the laser 
light source 1 and the hologram substrate 3, the illumination-light study system 2 which condenses the 
laser light injected from the laser light source 1, and irradiates the hologram substrate 3 is formed, and 
the projection optics 4 which has the zoom function to which image formation of the light which passed 
along the hologram substrate 3 is carried out in a sample solution 7 is established between the hologram 
substrate 3 and the transparence substrate 6. Moreover, non-illustrated observation optical system is 
established above the transparence substrate 6. Observation optical system may be an ocellus and may 
be multi-view if needed. 
[0019] 

In this minute body processor, image formation of the laser light injected from the laser light source 1 is 
carried out in a sample solution 7 through the illumination-light study system 2, the hologram substrate 
3, and projection optics 4, and a photo pincette 8 is formed of it. Under the present circumstances, 
since the hologram substrate 3 is used, the thing of various patterns, such as what has not only the 
photo pincette of the shape of a simple circle but various configurations as a photo pincette 8 
corresponding to the pattern information on a hologram substrate, and a thing which consists of two or 
more parts, can be formed. 
[0020] 

Under the present circumstances, only by forming the hologram substrate 3 for formation of such 
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' various photo pincettes 8 of a pattern fundamentally, it can suppose that it is possible, therefore it 
cannot be necessary to increase the light source or, complication or enlargement of equipment cannot 
be caused, and an equipment configuration can be made simple. A photo pincette 8 can be made [ of the 
application which can be applied to various applications ] high by consisting of two or more parts so that 
the example of use mentioned especially later may show. Although it cannot be formed with the 
conventional technique if two or more light sources are not used for the photo pincette which consists 
of such two or more parts, according to this operation gestalt, it can be formed by using the hologram 
substrate 3 using the single light source. 
[0021] 

In the example shown in drawing 2 (a), when the photo pincette pattern 22 which has a circular part, 
respectively uses the hologram substrate 3 for the location equivalent to the top-most vertices of an 
each of a hexagon, it is formed. Using the zoom function of projection optics, this photo pincette pattern 
22 is easily reducible to the photo pincette pattern 23 with which the magnitude of the circular part 
which constitutes a pattern became smaller, and spacing became narrower, as shown in drawing 2 (b). 
[0022] 

Next, how to perform extract operation is explained using what distributed the cell sample in the 
physiological saline as a sample solution 7 as an example of use of the photo pincette 8 which has a 
desired pattern using the photo pincette 8 of the pattern shown in drawing 2 . 
[0023] 

First, the laser light source 1 is started and the photo pincette pattern 22 larger as shown in drawing 2 
(a) is formed into a sample solution 7. Under the present circumstances, in this example, the area size 
surrounded by the circular part which constitutes it sets up the magnitude of the photo pincette pattern 
22 so that it may become sufficiently large as compared with the minute body sample 21 which is a cell 
sample. By doing in this way, by the high probability, the minute body sample 21 can be put with the 
photo pincette pattern 22, as shown in drawing 2 (a). 
[0024] 

Thus, whether it was able to put with the photo pincette pattern 22 checks the minute body sample 21 
using the above-mentioned observation optical system. It can enable it to carry out alignment of the 
observation optical system to the location which can observe the location in which the photo pincette 
pattern 22 is formed beforehand so that this confirmation operation can be performed easily. 
[0025] 

When it is checked as a result of observation that the minute body sample 21 is not put with the photo 
pincette pattern 22, the laser light source 1 is stopped, a photo pincette 8 is once hidden, the location 
of the photo pincette means forming containing the transparence substrate 6, or the laser light source 1 
and the hologram substrate 3 is shifted, both relative position is changed, and the location in which the 
photo pincette pattern 22 is formed is adjusted. Then, the photo pincette pattern 22 is again formed into 
a sample solution 7, and actuation of checking whether the minute body sample 21 being put is repeated. 
[0026] 

In this way, if it checks that the minute body sample 21 has been put with the photo pincette pattern 22 
next, the pattern of a photo pincette 8 is reduced using the zoom function of projection optics 4. Then, 
as shown in drawing 2 (b), the minute body sample 21 is driven into the core of the pattern of a photo 
pincette 8. In this way, the minute body sample 21 can be caught at the core of the reduced photo 
pincette pattern 23. Thus, good operability is acquired by giving the function which expands the pattern 
of the photo pincette 8 formed and is made to reduce to the optical system which carries out image 
formation of the photo pincette 8 to a sample solution 7. 
[0027] 

In this way, by considering as the condition of having caught the minute body sample 21 with the photo 
pincette pattern 23, the formation location of the photo pincette pattern 23 can be shifted, and the 
minute body sample 21 can be moved, and it becomes possible to make easy to carry out using other 
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cell treater implements, such as a micropipette, processing in which DNA in a cell is extracted. 
[0028] 

Thus, according to this operation gestalt, by using the hologram substrate 3, the photo pincette 8 of a 
desired pattern can be formed to compensate for the class of sample, or the processing to carry out, 
and operability can be raised by it. And by raising operability, the processing which the efficient 
processing of is attained, for example, extracts DNA from a cell sample is repeated one after another, 
and it becomes possible to carry out extract processing from many cell samples quickly. 
[0029] 

The design of the hologram substrate 3 which forms the hologram of a desired pattern as mentioned 
above can be carried out using the so-called computer composition hologram (CGH). Processing 
according to a design can be carried out using the general lithography technique which forms a resist 
pattern and carries out etching processing to substrates, such as a glass substrate. Formation of a 
resist pattern can be carried out using the usual aligners, such as an optical aligner, an electron ray 
aligner, an X-ray aligner, an EUV aligner, and an ion beam aligner. It is desirable to, carry out dry etching 
processing of reactive ion etching etc. on the other hand, so that the pattern configuration after etching 
can be controlled good as etching processing. By repeating and carrying out formation of these resist 
patterns, and the process of etching processing, even if it is a complicated pattern, it can form simple 
and good. 
[0030] 

The example of the formation pattern of such a hologram substrate 3 is shown in drawing 3 . In this 
example, as shown in drawing 3 (a), two or more formation of the stair-like pattern shown in drawing 3 
(b) is carried out on the quartz substrate 401 . 
[0031] 

Next, with reference to drawing 4 , the formation approach of an example which forms eight steps of 

above stair-like patterns with a lithography technique is explained. 

[0032] 

In this example, the quartz substrate 51 is used as a substrate, first, a resist is applied on this quartz 
substrate 51, I line stepper is used and developed [ expose and ], and the 1st resist pattern 52 shown in 
drawing 4 (a) is formed. The 1st resist pattern 52 has the pattern with which the five band-like resist 
formation sections were located in a line. And as shown in drawing 4 (b), dry etching of the quartz 
substrate 51 is carried out by using the 1st resist pattern 52 as a mask using CHF3 gas. Of this, two 
steps of stair-like patterns adjoin, and four are formed. 
[0033] 

Next, similarly, after removing the 1st resist pattern 52, as shown in drawing 4 (c), the 2nd resist pattern 
53 is formed. The 2nd resist pattern 53 covers the 1st thing and the 3rd thing from the left-hand side of 
drawing among the patterns of the shape of a two-step stage formed at the process in front of four, and 
has the wrap pattern for the field on the right of the 4th thing. And the quartz substrate 51 is etched by 
using this 2nd resist pattern 53 as a mask. Then, the two-step stage-like pattern which is not covered 
with a resist is etched with the pattern maintained, and finally, as shown in drawing 4 (d), four steps of 
stair-like patterns are formed with the etched two-step stage-like pattern and the two-step stage-like 
pattern which is not etched. 
[0034] 

Next, after removing the 2nd resist pattern 53 again, as shown in drawing 4 (e), the 3rd resist pattern 54 
is formed. The 3rd resist pattern 54 covers the thing on the left-hand side of [ of the two four-step 
stage-like patterns formed at the front process ] drawing, and has the wrap pattern for the field on the 
right of a right-hand side thing. By etching similarly by using this 3rd resist pattern 54 as a mask, as 
shown in drawing 4 (f), eight steps of stair-like patterns are formed. 
[0035] 

Finally, the 3rd resist pattern 54 is removed, and as shown in drawing 4 (g), eight steps of stair-like 
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patterns are completed. 
[0036] 

[The 2nd operation gestalt] 

Next, the 2nd operation gestalt of this invention is explained with reference to drawing 5 . Drawing 5 is 
the mimetic diagram showing the configuration of the whole system of the minute body processor of this 
operation gestalt. 
[0037] 

The minute body processor has the transparence substrate 35 on which a sample solution 36 is put like 
the 1st operation gestalt. The transparence substrate 35 is installed on the jogging stage 39 and the 
coarse adjustment stage 38. Therefore, the transparence substrate 35 forms a photo pincette 37, for 
example, it can carry out centering control to the laser light source 31 which is the helium-neon laser 
light source to the photo pincette means forming which has the hologram substrate 331, and it can 
adjust the formation location of a photo pincette 37 by it. 
[0038] 

Thus, the configuration which formed the jogging stage 39 and the coarse adjustment stage 38 can make 
high-speed centering control possible by the coarse adjustment stage 38, and enables highly precise 
justification by the jogging stage 39, can make possible a high speed and highly precise centering control 
as a whole, and is desirable. Therefore, the high speed for which justification with a minute body sample 
and a photo pincette 37 which were explained in the 1 st operation gestalt, and the minute body sample 
caught with the photo pincette 37 are moved with high precision are possible by adjusting the location 
of a photo pincette 37 using the jogging stage 39 and the coarse adjustment stage 38. 
[0039] 

The centering-control device of the transparence substrate 35 may establish the device in which it is 
not restricted to this configuration, for example, the transparence substrate 35 is made to incline if 
needed, and the device to rotate. Moreover, although this operation gestalt shows the example which 
prepared the coarse adjustment stage 38 and the jogging stage 39 which move it to the transparence 
substrate 35 side as a device in which the location of a photo pincette 37 is adjusted, a means to move 
it to a photo pincette means forming side may be established. That is, the formation location of the 
photo pincette 37 in the inside of a sample solution 36 can be adjusted by moving relatively the 
transparence substrate 35 and photo pincette means forming. 
[0040] 

Between the laser light source 31 and the transparence substrate 35, the illumination-light study 
system 32 which condenses the laser light injected from the laser light source 31 like the 1st operation 
gestalt, and irradiates the hologram substrate 331, and the projection optics 34 which has the scale- 
factor change function to which image formation of the light which passed along the hologram substrate 
331 is carried out in a sample solution 36 are established. Therefore, corresponding to the pattern 
information on the hologram substrate 331, the photo pincette 37 of a desired pattern is formed, and the 
need is accepted, and the pattern can be expanded and it can reduce. 
[0041] 

The observation optical system 41 is established on the transparence substrate 35, and it can act as 
the monitor of the situation of actuation of the sample solution 36 by the photo pincette 37, for example, 
prehension and conveyance of a cell sample, and actuation with the cell treater implements 40, such as 
a micropipette. 
[0042] 

Moreover, further, the hologram substrate library 42 is formed and two or more hologram substrates 
332,333,334 which form the hologram of a pattern different, respectively here are held at the system of 
this operation gestalt. Using substrate exchange means (un-illustrating), such as a robot hand, these 
hologram substrates 331,332,333,334 can be exchanged if needed, and can be used for formation of a 
photo pincette 37. Therefore, with the configuration of this operation gestalt, according to the class of 
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' samplfe solution 36, and the contents of the processing carried out to it, the photo pincette 37 of the 
pattern suitable for processing can be chosen and used, and it can consider as the high system of 
versatility. 
[0043] 

[The 3rd operation gestalt] 

Next, the 3rd operation gestalt of this invention is explained with reference to drawing 6 . With this 
operation gestalt, in the configuration of the 1st and 2nd operation gestalt, the configuration of a 
transparence substrate is devised and drawing 6 shows the top view of the transparence substrate 
holding a sample solution. 
[0044] 

In this operation gestalt, the transparence substrate has the positioning pattern 65 which can locate the 
minute body sample 61 in a position. That is, the positioning pattern 65 has the pattern with which 
opening of the shape of a triangle to which width of face became narrow toward left-hand side was 
formed from right-hand side in the example shown in drawing 6 . Therefore, the minute body sample 61 
is positioned in the location at the very back of opening formed in the positioning pattern 65 by making 
it move to left-hand side from right-hand side. 
[0045] 

Moreover, in the transparence substrate, it has the guide pattern 63 which forms the path 64 which 
extends in a radial from opening of the positioning pattern 65. When the sample solution containing the 
minute body sample 61 is carried on a transparence substrate, this guide pattern 63 is constituted so 
that the minute body sample 61 may be located in a path 64 by the high probability. That is, in the 
example shown in drawing 6 , by forming the guide pattern 63 from many small circular parts, and making 
spacing of this circular part smaller than the standard magnitude of the minute body sample 61, for 
example, a cell sample, if the part of a path 64 is removed, the minute body sample 61 tends to be 
located in a path 64, and can become. 
[0046] 

After carrying a sample solution on this transparence substrate, actuation for which the minute body 
sample 61 is moved to the positioning pattern 65 using a photo pincette is performed. Under the present 
circumstances, as a hologram substrate, as shown in drawing 6 (a), what forms the photo pincette 
pattern 621 which has a circular part in each path 64 is used. Thus, it becomes possible to operate the 
minute body sample 61 efficiently with a photo pincette by forming some photo pincettes in the field 
which the minute body sample 61 is located and is that it is ****** for the guide pattern 63. 
[0047] 

And it is made to move to left-hand side, reducing to the photo pincette pattern 622 so that the circular 
part which constitutes it for the photo pincette pattern 621 as shown in drawing 6 (b) may move the 
inside of the path 64 of a radial to the inside from an outside. By this, the minute body sample 61 
located in a path 64 by the probability high as mentioned above can be moved to the positioning pattern 
65 side, and, finally the minute body sample 61 can be located in the position at the very back of 
opening of the positioning pattern 65 by the high probability. And by locating the minute body sample 61 
in a position, and holding it in this way, predetermined processing in which DNA is extracted from a cell 
sample can be made easy to perform, and operation of such predetermined processing can be enabled 
efficiently. 
[0048] 

As mentioned above, according to this operation gestalt, it becomes possible to carry out efficient 
processing by using combining the predetermined photo pincette pattern 621 according to the formation 
pattern of the transparence substrate in which the guide pattern 63 which regulates the location of the 
minute body sample 61, and the positioning pattern 65 were formed, and its transparence substrate. 
[0049] 

[Effect of the Invention] 
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simple in the actuation which uses a photo pincette, catches a minute body and moves by this invention 
— and — quick — it can carry out — in addition — and it became possible to offer the simple minute 
body processor of a configuration. 
[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram showing the basic configuration of the minute body processor of 
the 1st operation gestalt of this invention. 

[Drawing 2] It is the top view seen from the upper part of drawing 1 , and the photo pincette pattern of 
an example is shown. 

[Drawing 3] It is the mimetic diagram showing the pattern of an example of the hologram substrate with 
which the minute body processor of drawing 1 is equipped. 

[Drawing 4] It is the mimetic diagram showing the formation approach of an example which forms the 
pattern of the hologram substrate of drawing 3 , and drawing 4 (a) - (g) shows the formation process to 
time series. 

[Drawing 5] It is the mimetic diagram showing the configuration of the whole system of the minute body 
processor of the 2nd operation gestalt of this invention. 

[Drawing 6] It is the top view of the transparence substrate in the minute body processor of the 3rd 
operation gestalt of this invention. 
[Description of Notations] 

1 31 Laser light source 

2 32 Illumination-light study system 
3,331,332,333,334 Hologram substrate 
4 34 Projection optics 

6 35 Transparence substrate 

7 36 Sample solution 

8 37 Photo pincette 

21 61 Minute body sample 

22 23,621,622 Photo pincette pattern 

38 Coarse Adjustment Stage 

39 Jogging Stage 

40 Cell Treater Implement 

41 Observation Optical System 

42 Hologram Substrate Library 
51,401 Quartz substrate 

52 1st Resist Pattern 

53 2nd Resist Pattern 

54 3rd Resist Pattern 

63 Guide Pattern 

64 Path 

65 Positioning Pattern 
402 Hologram Pattern 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the mimetic diagram showing the basic configuration of the minute body processor of 
the 1 st operation gestalt of this invention. 

[Drawing 2] It is the top view seen from the upper part of drawing 1 , and the photo pincette pattern of 
an example is shown. 

[Drawing 3] It is the mimetic diagram showing the pattern of an example of the hologram substrate with 
which the minute body processor of drawing 1 is equipped. 

[Drawing 4] It is the mimetic diagram showing the formation approach of an example which forms the 
pattern of the hologram substrate of drawing 3 , and drawing 4 (a) - (g) shows the formation process to 
time series. 

[Drawing 5] It is the mimetic diagram showing the configuration of the whole system of the minute body 
processor of the 2nd operation gestalt of this invention. 

[Drawing 6] It is the top view of the transparence substrate in the minute body processor of the 3rd 
operation gestalt of this invention. 
[Description of Notations] 

1 31 Laser light source 

2 32 Illumination-light study system 
3,331,332,333,334 Hologram substrate 
4 34 Projection optics 

6 35 Transparence substrate 

7 36 Sample solution 

8 37 Photo pincette 

21 61 Minute body sample 

22 23,621,622 Photo pincette pattern 

38 Coarse Adjustment Stage 

39 Jogging Stage 

40 Cell Treater Implement 

41 Observation Optical System 

42 Hologram Substrate Library 
51,401 Quartz substrate 

52 1st Resist Pattern 

53 2nd Resist Pattern 

54 3rd Resist Pattern 

63 Guide Pattern 

64 Path 

65 Positioning Pattern 
402 Hologram Pattern 
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□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



LJ^FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



LsLONES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHHHT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





